/home/hpi
Introduction
Avascular necrosis of the femoral head (ON) presents a unique set of challenges to the orthopaedic surgeon. It is most prevalent in younger individuals in their 3 rd and 4 th decades (1) . The natural history of the condition is failure of bone remodeling progressing to subchondral fracture, collapse, and ultimately hip arthritis (2) . Management of ON of the femoral head is controversial, and there remains a wide variation in practice worldwide. Marker et al (1) suggested a treatment algorithm in 2008, but no established guidelines in the UK exist for this condition.
practice including use of novel treatments and threshold for arthroplasty. We hypothesised that despite the development of novel treatment options most surgeons would offer CD for pre-collapse ON and arthroplasty for post-collapse ON. We hypothesised that joint preserving surgery would be more commonly used in the younger patient group (24 years), and the threshold for arthroplasty would be higher than for the older patient group (48 years).
Methods
An invitation to complete an on-line electronic survey was e-mailed by the British Hip Society (BHS) to all known active Consultant members (n = 352) from the total number of 447 members (remainder listed as non-Consultant grade). We sent a single reminder e-mail after 4 weeks, and the survey was open for 8 weeks. Demographic data collected included years of experience, fellowship training, geographical region and annual arthroplasty volume. The survey was incentivised to minimise responder bias. All respondents' details were anonymised to enhance confidentiality and encourage responses.
Our survey is comprised of 10 stems with different question styles including ranking, multiple choice, matrix of choices, and matrix of drop-down menus (Appendix 1, available online as Supplementary material at www.hip-int.com). The survey was carefully designed to reduce total survey error, by minimising the 4 major potential sources of error: sampling, noncoverage, measurement and nonresponse. The ease of use of internet surveys can potentially be exploited to increase the response rate, which is the generally accepted indicator of nonresponse error. The survey will refer to progressive stages consistent with the Steinberg classification for the clinical scenario questions (7). 16 clinical scenarios are presented: 8 different combinations of Steinberg stage, level of symptoms, and Kerboul angle in 2 different age groups (24 and 48 years old). Surgeons were asked to select their preferred treatment option for 16 hypothetical clinical scenarios of patients with ON of the hip.
There were no patient identifiable cases used in the scenarios and therefore ethical approval was not required. The questions have been carefully designed to discriminate between participants' individual approaches to management. Data were analysed using Microsoft® Excel. Descriptive statistics and presented, and comparisons analysed using chisquare test.
Results

Responder demographics
We received responses from 115/352 (33%) BHS members. 90 responders chose to indicate their experience, annual THA operation volume and fellowship status. 33.3% had more than 20 years of hip surgery and the majority (83.3%) of the responders had at least 10 years' experience. Only 2 (2.2%) of responders had <5 years' experience. Participants performed a high volume of THA with the majority (55.4%) performing over 100 per year while only 14.13% of respondents performed <50 THA per year.
Of our responders 54.4% had UK hip fellowship experience and 37.8% had a hip fellowship experience abroad, the majority of which were in USA, Canada and Australia. Only 17.8% had no fellowship experience specific to hip surgery. This figure was consistent with our finding that 79.1% of respondents described themselves as either 'hip specialists' or 'specialist lower limb arthroplasty' surgeon. The survey was completed by a wide geographical spread of surgeons throughout the UK with similar numbers from NHS District General Hospital and NHS Teaching Hospital (49.4% and 44.7% respectively), the remaining 5 (5.9%) operated exclusively in the independent sector.
The use of classification systems
The majority (89.1%) used Ficat and Arlet (8) or Ficat (9) classification system to guide their treatment plan and decision making but 57% were also satisfied to use a binary (prevs. post-collapse) system. A minority used other classifications: Steinberg et al (7), Gardeniers (10) (ARCO), Ohzono et al (11) and Kerboul et al (12) classifications were used by 14%, 12%, 7%, and 3%, respectively.
Modification of risk factors
75% of participants would advocate treatment for alcohol dependency, and 77.8% would stop ongoing steroid use if appropriate. 60% would offer bisphosphonate therapy to patients taking steroids, 35% would offer thromboprophylaxis to patients with hypercoagulability or a statin to patients with hyperlipidaemia. Other nonoperative treatments such as extra-corporeal shock wave therapy (3%) or hyperbaric oxygen therapy (6%) were less frequently offered.
Clinical scenarios: management options
Full results are summarised in Appendix 2A and 2B, available online as Supplementary material at www.hip-int.com. 
Severe symptoms with radiographic femoral head collapse and established osteoarthritis (Steinberg Stage V)
24-year-old: 89 of 94 (95%) of respondents would offer THA, while a further 3 (3%) would offer resurfacing arthroplasty. 1 (1%) would offer an osteotomy, and 1 (1%) would offer arthrodesis. No respondents would choose to manage this patient nonoperatively.
48-year-old: All 93 respondents (100%) would offer arthroplasty in this case, with 92 (99%) selecting THA and 1 (1%) respondent would offer resurfacing arthroplasty.
Comparison of pre-vs. post-collapse ON
For symptomatic pre-collapse ON in a 24-year-old the most common intervention was CD (52%). 41% of responders would manage this nonoperatively while only 5% would offer arthroplasty.
For symptomatic pre-collapse ON in a 48-year-old the most common management was nonoperative (46%) followed by CD (44%) and THA (9%).
For severe post-collapse ON in a 24-year-old the most common intervention was THA (49%) followed by CD (28%) and other joint preserving surgery (13%). 7% of responders would manage this patient nonoperatively.
For severe post-collapse ON in a 48-year-old the most common intervention was THA (63%) followed by CD (23%) and other joint preserving surgery (2%). 9% of responders would manage this patient nonoperatively.
Factors influencing management decisions
Surgeons were asked to rank various patient factors in order of importance in influencing management decisions. Stage of the disease and symptoms were the most commonly selected as the single-most important factor both selected by 39%. Less frequently considered factors were age (11%), disease progression (7%), size of the lesion (3%), and risk factors (1%).
Effect of age on choice of intervention
There was no significant difference in decision for operative versus nonoperative intervention regardless of stage between the 24-year-old (67.9%) and 48-year-old (63.2%) patient (p = 0.11 chi 2 ). When operations were grouped into either joint preserving surgery (including CD, osteotomy and fibula grafting) or arthroplasty, we found that joint preserving surgeries were more commonly offered to the 24-year-old patient than the 48-year-old (58.5% vs. 44.2%, p<0.0001), conversely arthroplasty was offered more commonly to the 48-year-old (55.6% vs. 41.3%, p<0.0001).
Effect of symptoms on decision to operate
We found symptoms had a significant effect on decision to offer operative intervention in early disease across both ages (p<0.0001) (Fig. 1) .
At what stage of disease is arthroplasty offered?
We found that for both age groups decision to offer arthroplasty increased with stage of disease and for the 48-year-old patient responders were significantly more likely to offer arthroplasty at an earlier stage (Stage III) of disease when compared to 24-year patient (Fig. 2) .
What type of arthroplasty is offered?
Arthroplasty was offered in 41.3% of all operative interventions for the 24-year-old patient. Most (94%) were THA, followed by resurfacing (5.4%) and hemiarthroplasty (0.5%). Arthroplasty was selected for 55.6% of cases for the 48-yearold patient with a similar trend in type (96.1% THA, 3.9% resurfacing, 0 hemiarthroplasty). Further analysis of the THA offered showed the most popular choice was uncemented THA (58.6% in 24-year-old, 55.2% in 48-year-old), followed by hybrid (30%, 30.7%) and cemented THA (11.4%, 14.1%). However, we found no significant difference between types of THA between age groups.
Conclusion
There has been no previous report of the trends in operative management of ON in the UK, and there are no established guidelines for management of this condition. We used this survey to evaluate the approach to diagnosis and management of hip ON in active consultant hip surgeon members of the British Hip Society. Of the 115 respondents, 83% had at least 10 years of surgical practice as a consultant, 82% had undertaken a specialist hip fellowship and the majority (75%) of our respondents describe themselves as either lower limb arthroplasty or hip specialists.
Like the trends found by the AAHKS our respondents were likely to recommend cessation of alcohol or steroid use in patients with ON, however our respondents were more likely to offer medical therapy compared to the AAHKS study (6) . 60% in our survey would offer a bisphosphonate to patients on steroids, 35% would offer thromboprophylaxis for patients with coagulation disorders and 35% would offer a statin to patients with hyperlipidemia, compared to the 3%, 6% and 10% respectively found by McGrory et al (6) . There have been several studies on pharmacological treatments for early ON of the femoral head (13) (14) (15) , which may account for their popularity amongst UK surgeons.
Our survey established that 2 key criteria aid our respondents' evaluation; the severity of symptoms and stage of disease. This was supported by the responses with significantly higher operative intervention rate when symptoms were moderate rather than minimal. Only 11% of our responders stated that age was an important factor, which is consistent with our finding that for all stages of ON rate of operative versus nonoperative management was not significantly different regardless of age.
Intervention in early ON remains controversial. When specifically isolating the responses to the scenario of a patient with minimal symptoms and pre-collapse ON most would manage nonoperatively (70% and 79% for the 24-and 48-yearold respectively) however even in this early stage there are respondents who would offer CD (27% for the 24-year-old, 18% for the 48-year-old) which may reflect the evidence that it can delay disease progression despite lack of symptoms (16) . Similar results were also seen in the AAHKS study (2) .
In the context of symptomatic pre-collapse ON joint preserving surgery including CD was the most common intervention offered to the 24-year-old patient, whereas nonoperative management was more commonly offered to the 48-year-old patient. Arthroplasty was infrequently offered in 4% and 9% for either age group. This may reflect the successful results of joint preserving surgery in pre-collapse ON in the recent literature. A meta-analysis of 2025 hips found satisfactory clinical results in 63.5% of hips managed by CD compared with only 22.7% of hips managed nonoperatively for all stages of ON (17) and 71% versus 34.5% satisfactory clinic results in precollapse ON in particular (17) . In a long-term study of CD in 34 patients (54 hips) with Ficat stage I-III, Bozic et al (18) reported 48% satisfactory clinical outcomes and 37% radiographic survival however they observed a 100% failure in 8 Stage III hips. Consistent with this we found the greatest variation in response appears in the corresponding scenario of a patient Stage III ON.
For scenarios involving post-collapse ON, arthroplasty was the most popular management in both ages groups and indeed THA has been shown to be a reliable option for the management of post-collapse hip ON (19); a systematic review of 67 studies representing 3,277 THRs in 2593 patients reported a survivorship of 97% at a mean of 6 years follow up (20) . Interestingly, we found that while arthroplasty was offered to both the 24-and 48-year-old patient, in subchondral collapse (Steinberg stage III) it was significantly more often offered to the 48-year-old patient -an outcome not observed in other scenarios suggesting surgeons are more inclined to offer arthroplasty at an earlier stage of disease to the 48-yearold patient. Whilst advances in implant design and bearing surface technology may have reduced the high incidence of wear and rate of aseptic loosening following arthroplasty in younger patients, we believe our results indicate that many surgeons are still reluctant to offer arthroplasty to younger patients with early ON.
THA was the most common choice of arthroplasty at every stage regardless of age with very few surgeons choosing resurfacing or hemiarthroplasty reflecting a wider trend in the wake of reported high revision rates (21) despite potentially being a good option for younger male patients (22) . Uncemented THA was the most popular, followed by hybrid and cemented THR (54.0%, 28.5%, 12.5% respectively). Our figures differ from those reflected in the National Joint Registry (NJR) records for 2012 (5) where the proportion of uncemented THA is lower (44%) (5) which we believe reflects the increasing preference of metaphyseal press fit stems in younger patients amongst specialist hip surgeons.
This study has limitations common to survey-based methodology: respondents were disclosing their opinions based on hypothetical scenarios rather than real-life patients. We recognise that in clinical practice other variables may influence individual patient management decisions, which are beyond the scope of this study. However, we believe that the hypothetical scenarios cover a broad spectrum of clinical presentations. The methodology used in the questionnaire was designed to minimise sampling, noncoverage, measurement and nonresponse bias. We recognise that our responders reflected a self-selected group of specialist hip surgeons, but will not include all practicing hip surgeons in the UK. It is possible that the management in these scenarios would differ between BHS members and non-BHS member hip surgeons. Sampling error was minimised by inviting all eligible members of the BHS to participate, and including all responses from participants who meet the inclusion criteria in the analysis. Noncoverage error was minimised by approaching a self-selected subgroup of practicing hip surgeons, but will not include currently practicing UK-based hip surgeons who are non-members of the BHS. Nonresponse error stems from failure to respond to the e-mailed invitation, and can potentially skew the result if responders share different characteristics to responders and despite targeting this specialist group we only received responses from 33% of the total cohort. Several strategies were used to increase response rate: providing information about the survey, appealing to participant's sense of being part of a scientific community, and obligation to support the BHS, making the questions varied and engaging, and limiting the survey to 10 question stems in total. In addition, an incentive was offered for one participant selected at random at the end of the study, which has been shown to reduce nonresponse error. Measurement error refers to the discrepancy of participants' beliefs and the survey responses. This is addressed by applying the 'leverage-saliency' theory of survey response, and can be minimised by asking a relevant, topical question to encourage effective interaction and valid answers that reflect participants' true beliefs, in addition to careful visual layout and question design.
This study is relevant to the orthopaedic community in the UK, as currently there are no established guidelines for management of ON of the femoral head. Our study found that CD and other joint preserving surgeries are the most popular operative interventions for pre-collapse ON in both 24-and 48-year-old patients. THA, particularly uncemented, is the most popular intervention for post-collapse ON in both ages group. We found surgeons more likely to offer THA to the 48-year-old patient at an earlier disease stage than the 24-year-old.
There remain many unanswered questions which is reflected in the variation of responses both in our study and the previous survey by McGrory et al (6) for the AAHKS. The use of registry data and further multicentre clinical studies are required to enhance our understanding of outcomes in ON of the femoral head to provide guidelines and improve decision making in the future management of the condition.
